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INTRODUCTION 
The genetic contribution to traits such as .yield and quality in crop 
varieties generally reflects the combined action of a number of factor 
pairs. Inasmuch as this type of inheritance produces a continuous grada­
tion of effects it is known as quantitative inheritance. In contrast, 
qualitative inheritance denotes the situation where individual genes 
produce discrete and measurable effects. 
Each gene which affects a quantitative attribute contributes an 
increment which is minimized, maximized, or limited by genetic phenomena, 
such as dominance, epistasis and linkage, and also by environment. Since 
it is generally impossible to study the contribution from individual 
quantitive genes statistical methods for estimating the average effect 
of groups of quantitative genes have been developed. These statistical 
estimates are helpful in establishing efficient breeding systems which 
take into account generation of selection, heritability of the attribute 
and the amount of genetic variability present. 
Few studies have been conducted on oats and other self-pollinated 
small grains which attempted to delineate the types of gene action con­
tributing to quantitative characters. In this experiment six quantita­
tively inherited traits - plant height, panicle length, heading date, 
number of spikelets per panicle and heads per plant, and grain yield -
were studied in F^ and Fg generations of oat crosses to determine: 
(a) the level and direction of dominance, (b) the genotypic and environ­
mental correlations between the characters, (c) the heritability of the 
characters in the broad sense. 
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REVIEW OF THE LITERATURE 
The literature review is in two parts: (a) previous statistical 
studies of quantitative inheritance, and (b) the inheritance, heterosis 
and correlations of quantitative characters in oats and in other crops 
where applicable. 
Statistical Studies of Quantitative Inheritance 
The application of statistical methods to the study of quantitative 
inheritance was proposed by Fisher (10) who used correlations between 
relatives to divide genotypic variance into additive, dominance and epis-
tatic components. Later Fisher et al. (il) suggested the use of third 
degree statistics to avoid difficulties encountered when using second 
degree statistics, and Wright (51) used squared deviations from an optimum 
to estimate components of genotypic variance. 
Methods for estimating additive and non-additive genetic variances 
have been developed by Sprague and Tatum (44) and Cornstock and Robinson 
(8) for cross-pollinated crops and Grafius (20) for self-pollinated 
crops. Powers (39)» using linkage between qualitative and quantitative 
characters in barley to study interaction of heads per plant, seeds per 
plant and related characters, concluded the results were not sufficiently 
consistent to provide an explanation of the inheritance involved. 
Hull (28,29) estimated the average dominance effect from nonsegrega-
ting generations in the absence of interaction between loci by regression 
analysis of the F^ generation of diallel crosses between homozygous 
parental lines. The method was modified by Griffing (24,25) to obtain 
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degree and direction of dominance, type of gene action and genotypic and 
environmental relationships between characters in corn. Burdick (3) 
applied this method to a study of earliness in tomatoes. 
Subsequently a similar method was proposed by Jinks (32) and further 
described by Dickinson and Jinks (9), Griffing (23) and Kempthorne (35)« 
Essentially this method involves the interpretation of the position of 
the WrVr regression line in relation to a limiting parabola, where Wr 
represents the covariance between arrays of F-^'s and their non-recurrent 
parents, and Vr is the variance of the families in the array including the 
common parent. 
Literature on the statistical analysis of quantitative inheritance 
in oats in terms of dominance and heritability estimates is quite limited. 
Mather (37) using data published by Q,uisenberry (40) found dominance of 
0.9 for kernel length in oats. Jones (3*0 obtained average dominance 
values of 0.47, O.9I, 1.43 and 2.44 for heading date, plant height, ker­
nel weight and yield, respectively, in 20 oat crosses. Frey et al. (18) 
obtained heritability percentages of 50 and 49 for niacin and riboflavin, 
respectively, averaged over two crosses and a 15$ heritability for protein 
in one cross. Using the standard unit or correlation method, Frey and 
Horner (16) calculated heritabilities of heading date of 62 and 63$ for 
F2-F3 and Fy-F^, respectively, averaged over 22 oat crosses. Frey and 
Norden (17) obtained standard unit heritability percentages for lodging 
resistance of 19, 6 and 15 for Fg-F^, F^-F^ and lyl^, respectively. 
Jones (34) reported heritability percentages in the broad sense from 
Fg data of 41, 60 and 56 for yield, heading date and height, respectively, 
in 20 oat crosses. Broad sense heritability estimates from the Fg 
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generation were higher than comparable values in the narrow sense and 
both types were higher in the F^ than in the F^ populations. Wallace 
et al. (48) found that the genotypic and phenotypic correlations among 
six quantitative characters in a. Letoria x Fulwin oat cross were approxi­
mately of the same magnitude. Moderate negative correlations were noted 
for culm number with height and number of seeds per panicle. 
Inheritance, Heterosis and Correlations of 
Quantitative Attributes in Oats. 
Much of the early work on the relationships of various quantitative 
characters in crop plants was based on correlations between characters 
within pure lines. In I898 Buffum (2) emphasized the importance of 
stooling and its effect on yield of oats and other cereals. Love (36) 
published accounts of variation and correlation in oats and Woodworth 
(50) reviewed the factors correlated with yield prior to 1931. 
No significant relationship was found between tillers and yield in 
oat varieties by Fore and Woodworth (13). In a comprehensive study of 
14 oat varieties Boss (42) obtained correlations of height and number of 
culms per plant between 0.48 and 0.52 while the correlations between 
heading date and number of culms per plant were 0.51 and -0.08 for differ­
ent years, and between heading date and height 0.77 in one season and 0.27 
in another. A negative correlation for heading date and number of culms 
was obtained by Garber and Quisenberry (19), and Immer and Stevenson (31) 
in Minnesota and Stephens (46) in India found little association between 
height and yield and number of tillers and yield, respectively. 
In 1918 Caporn (4) studying an oat cross between a late and an 
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early variety found, the F^ intermediate and segregating for earliness 
due to 3 factor pairs whereas Garber and Quiaenberry (19), Soil (38), 
and Sappenfield (43) found earliness to be partially dominant in oat 
crosses. The latter study indicated a series of multiple factors with 
a cumulative effect for heading date. A similar hypothesis of partial 
dominance for earliness in wheat crosses was postulated by Stephens (45). 
Coffman and Wiebe (7) and Coffman and Stevens (6) studying the 
hybrid vigor in the F^ generation of 21 oat crosses found that plant 
height was greater in the Fj_ than in the parents and panicle length was 
greater in some crosses. Grain yield generally showed heterosis while 
total plant weight was sporadic in response. Tillering of the F^ was 
intermediate between the parents while the F-^'s headed before the early 
parent in some instances. The authors concluded that some oat varieties 
had a greater prepotence than did others. Coffman and Davis (5) reported 
heterotic effects in some plant parts in oat crosses and theorized that 
increased earliness and increased yield indicated a functional effi­
ciency of hybrid plants. 
In wheat hybrids Rosenquist (4l) found that 35$ of the crosses 
exceeded the higher parent in yield and 6l$ exceeded the midparent. 
Heterosis for number of culms and yield was observed by Jones (33) in 
the F^ generation of rice crosses. Using a male sterile factor pair to 
facilitate hybrid seed production in barley, Suneson and Riddle (47) 
found a 20$ yield advantage for the F^ over both parents. Immer (30) 
found increases of the F^ over the midparent of 8.3$, 11.1$ for number 
of seeds per head and 2?.3$ for yield per plant. 
6 
MATERIALS AMD METHODS 
The oat varieties used as parents were selected in part for a 
specific expression of one or more of the attributes to be studied and, 
in part, for the expected potential value of their progenies for the 
Idaho environment. To meet the assumptions for the constant parent re­
gression method of estimating dominance for a given attribute two of the 
varieties had to have extremes of character expression, which theoreti­
cally would represent the complete recessive and dominant. Five oat 
varieties - Andrew, Markton, Cody, Victory, and Roxton - belonged to 
Avena sa*iva I. while Palestine belonged to Avena byzantina C. Koch. 
The average performance of these varieties for each attribute measured 
under Idaho conditions is presented in Table 1. The origin and charac­
teristics of Palestine indicate that it is unrelated to the other 
varieties. Cody is somewhat closely related to Markton and Victory 
through its Bannock parent, but otherwise, the varieties used w~re not 
closely related. 
Throughout the thesis the varieties are referred to by name and the 
crosses are designated by the first letters from each of the parent vari­
eties; e.g. the cross involving Palestine and Markton is designated 
P x M. The 15 possible F-j. combinations among the six varieties were made 
in the field in 195^ and in the greenhouse in 195^55» In most combina­
tions reciprocal crosses were obtained. 
The F]_ generation and the parent varieties were grown in the field 
at Aberdeen, Idaho, in 1955 in a randomized block design with three rep­
lications. A plot consisted of one row which contained five competitive 
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Table 1. Mean performance of the six varieties used as parents when 
grown at Aberdeen, Idaho 
Yield 
Plant Panicle Spikelets Panicles per 
Variety 
C.I. 
No.a 
height 
(in. ) 
length 
(cm. ) 
Heading 
date13 
per 
panicle0 
per 
plant 
plant 
bu./a 
Palestine 2328 28 14 32 15 2.9 135 
Andrew 4l?0 41 21 34 52 1.9 137 
Cody 3916 37 22 43 45 1.9 155 
Markton 2027 48 29 39 49 1.8 151 
Victory 1145 50 27 46 83 1.4 153 
Roxton 4157 56 30 45 87 1.2 153 
^Accession number of the Crops Research Division, U.S.D.A. 
^Days after June 1. 
^Counts made on main panicle. 
plants spaced one foot apart and there was a 1-foot spacing between rows. 
The order of planting was with the plot flanked by a row of its two 
parents one on either side. To insure perfect stands in the 3^ plots, 
each hybrid seed had planted with it a seed of a parent variety. A stake 
was placed between the seeds so that the hybrid seedling could be identi­
fied by its position and the parent plant was pulled as soon as it was 
certain that the hybrid would survive. In the parent plots two seeds 
were sown in each hill and the seedlings were later thinned to one. 
Heading date (number of days after June l) was recorded on a plant 
when the primary panicle began to emerge from the boot, and plant height 
was measured in inches from ground level to the tip of the panicle of the 
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tallest culm. All of the panicles from a plant were harvested and the 
number of spikelets was counted on the main panicle. Other data recorded 
for each plant were number of panicles produced, length of the main pani­
cle in centimeters from the basal floral node to the base of the apical 
spikelet, and grain yield. 
The Fg generation of the oat crosses and the parents were grown at 
Aberdeen, Idaho, in 1957. The parental varieties were grown in 3-row 
plots on either side of each 10-row plot of the Fg generation, and the 
spacing between plants in the row was 4 inches. The plant stands were 
good but occasionally a missing plant made it necessary to omit the two 
plants adjacent to a gap. Data were recorded from individual plants for 
the same attributes and in the same way as for the 1955 experiment. 
The number of plants in each Fg population from which data were 
obtained is shown in Table 18. The number of plants in the Fg the 
E x M cross was reduced by a red leaf disease epiphytotic and 4 rows of 
the Cody x Victory cross failed to segregate. In the E x P F g approxi­
mately 1 in a 100 plants was discarded because it did not mature. 
Statistical Procedure 
The "constant parent regression" method, hereinafter called c.p.r., 
was devised by Hull (28) and developed further by Griffing (24,25). It 
was designed primarily for non-segregating populations, i.e., homozygous 
parents and F^'s where the variance within lines is entirely environ­
mental and variance between parental lines is additively genetic after 
adjustment for environment-genotype interaction. The variance between 
F^'s can be partitioned between additive and non-additive genetic effects 
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after removal of environmental variance. The greatest advantage of the 
method is that few plants are required to estimate the genotypic value 
for a population. Hence a wider sample of germplasm can be taken which 
implies a more accurate estimate of the parameters and a broader appli­
cation of the results. According to Griffing (22) linkage causes no 
serious limitation in this method, but linkage has an effect on the set 
of parents selected since the probability of obtaining certain genotypes 
is limited by the occurrence of certain gene combinations. 
The c.p.r. method makes use of the diallel crosses among n homozy­
gous lines giving a total of n ' 's. There are n constant 
2 !(n-2) J 1 
parent groups (CP) with n-1 variable parents (VP) in each group. A 
constant parent can be defined as the common parent of a group of n-1 
's. The assumptions necessary for this model are (24,25): 
1. All gene pairs involved in the inheritance of" a trait have 
equal effects such that AiA]_ = AgAg = AnAn = 2d, A^a^ = &2&2 = 
Anan - d / dh, and a]_a% = &2&2 - ^ nan = 0. The values of 
h = 0, h: / 1, -1 <h<0, 0 <h<l, and h>/ 1 or h<-l are 
interpreted to mean no dominance, complete dominance, nega­
tive dominance (incomplete), positive dominance (incomplete), 
and overdominance, respectively. 
2. $io epistasis. 
3. Parental lines homozygous for genes controlling the attribute. 
Griffing (24) has given the procedure for partitioning the variances 
of CP groups of F^'s and variable parents into additive genetic, domi­
nance and environmental effects. The variances and covariances are 
symbolized as follows: 
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= variance of the F-j_'s within a specified CP group. 
VVP = variance of the TP's within a specified CP group. 
^(î'^-MP) ~ variance of the difference between the F^'s and their 
corresponding MP's within a specified CP group. 
CV(F1 x yp) - covariance of the F-^'s and their corresponding Vr1 s 
within a specified CP group. 
The expected values for the variances and covariances are: 
VPl= (1/4) <T§ / fl / /Vg (fh / <f| 
vvp = <r% / <r§ 
V(Fi-MP) - dfl / 5/^ <fe 
C7(f1 x yp) = l/2 <T§ / Z3 Sg 6~h, where (f|, <f^, and <f2 are the 
additive genetic, dominance and error components, respectively. 
Estimates of <f g and are obtained from observed variances as 
follows: 
(Tg - VVP " ^ e 
<fh - V(Fi-I4P) " 5A d~e 
According to Hull's method (29) of estimating dominance, the c.p.r. 
coefficient is estimated for each CP group by the formula: 
b z °^ Fi x W) 
VVP - <S\ 
The calculation of the "second order" regression coefficient, bg, 
is accomplished by the regression of the array of c.p.r. coefficients on 
the CP values. If all genes controlling the character are assumed to be 
equal and the dominance direction is the same for all loci, then bg is 
an estimate of - k - The range between the highest and lowest parents 
2nd 
11 
for a particular trait is assumed to be equivalent to 2nd if the parents 
are selected to represent the extreme genotypes. The dominance value is 
obtained by the formula, from Griffing (22)! 
h : -b2 (P" - P'), 
where P" and P' are the mean values of the highest and lowest parents, 
respectively, for the character under consideration. 
The c.p.r. trends in relation to the ascending order of the CP 
means indicate the direction of dominance and the type of gene action in 
the following way: 
1. A decreasing trend indicates positive dominance with arithmetic 
gene action. 
2. An increasing trend indicates either (a) arithmetic gene action 
and negative dominance, or (b) logarithmic gene action with or 
without dominance. 
3. logarithmic gene action is also suggested if the c.p.r. coeffi­
cients are all positive with the highest considerably over 
/ 1.0. Negative dominance is indicated if one c.p.r. coeffi­
cient is negative and the highest does not exceed / 1.0 (except 
negative overdominance). 
A second method of measuring dominance effects was from the compo­
nents of variance of the extreme CP groups. The additional assumptions 
imposed by this method are that the dominance effects are in the same 
direction, and that among the set of parents the completely recessive 
and dominant conditions are included. 
The dominance estimate, h, is obtained from the following formula: 
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 ^ I n 
v n 
Griffing (24) tests the significance of (T^ as follows: 
p - V(Fl~MP) , 
5/4 6™g 
where _j„rp) is the variance of the differences between the F^ and the 
midparent values. For testing the F ratio the decrees of freedom are 
n-1 for the numerator and the degrees of freedom of the error variance 
for the denominator. 
The third method for estimating dominance is called the "potence" 
method. The dominance value, hp, is obtained from the following formula: 
h = (Fi-MP) , 
P (P - MP) 
where F^, MP and P are the means of the F^, the two parents, and the high 
parent, respectively. 
Environmental and genotypic correlations were calculated utilizing 
the genotypic and environmental variances and covariances from the 
analyses of variance from the following formulas (22.) : 
Genotypic r ~ — o^vgxy and 
J*1* • 4T 
Cove 
Environmental r - — 
' ^®y 
where x and y represent a pair of traits and g and e are the genetic and 
environmental components, respectively. Genotypic and environmental 
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regressions were calculated, in a similar manner with appropriate for­
mulas. Through the application of the methods described above the F^ 
data were analyzed to obtain the degree and direction of dominance, 
genotypic and environmental correlations and an indication of the type of 
gene action involved for each of th'e attributes measured. 
The Fg data were analyzed to give estimates of the genotypic and 
phenotypic correlations for all combinations of the six traits for each 
cross. The formula used to obtain genotypic correlations was: 
/ Covp^ - I Cov-d. • Cov-c ~xy V xy xy 
Genotypic r = 
1/ X ' X " / / X ' X •/ X" X 
where x and y represent the traits and and Pg are the parents involved 
in a cross. 
Heritability estimates in the broad sense were calculated for each 
character and cross by the following formula: 
Vp - / Tp . Vp 
h(<8) = 2 L-i S_ ^  "10 
\ 
The c.p.r. method was applied to the Fg means assuming deviations 
from midparent values were due to dominance. The error effects were 
minimized by the use of Fg means and were therefore considered negli­
gible. 
14 
5XPERIMEITTAL RESULTS 
Generation 
The F 1^ s of each CP group exceeded the MP mean for height (Table 2) 
with the Andrew group showing the greatest and the Victory group the 
least deviation. Like plant height, but to a lesser extent, the F-^ mean 
for panicle length exceeded the MP mean in every CP group (Table 3)» 
Several of the individual crosses did show a negative effect, e.g. M x P, 
V x P, V x A and R x A. In contrast to height and panicle length, the 
F]_ mean for heading date (Table 4) was lower than the MP of each CP 
group, and this was also the case for individual crosses. The MP mean 
exceeded the F^ mean by the greatest amount in the Palestine group and 
least in the Cody group. In only one cross, C x V, did the F^ exceed 
the MP. These data indicate the F^'s were earlier in heading than the 
average of their respective parents. 
The differences in F^ and MP means for spikelet number were consis­
tent in neither magnitude nor direction (Table 5)« In the Palestine group 
the MP mean exceeded the F^ mean by 6.5 spikelets per panicle whereas in 
the Cody group the Fj exceeded the MP by 8.8 spikelets per panicle. In 
the Markton, Victory and Roxton groups the MP and the F]_ means were 
nearly equal and the MP exceeded the F^ slightly in the Andrew group. 
The mean of the F^'s in each of the CP groups exceeded the MP mean for 
panicles per plant (Table 6) with the greatest difference, 5*1 panicles 
per plant in the Palestine group and the least, 1.3 panicles per plant, 
in the Victory group. The mean grain yield of the F-^'s exceeded the MP 
mean in every CP group (Table ?) with the greatest heterosis, 13.7 grams 
Table 2. Mean plant height of parents, F-^ 's and midparents of CP groups and individual crosses 
Variety 
or Palestine Cody Andrew Markton Victory Eoxton 
Group 
Palestine P 27.7a 
F, 38.3 32.9* 37.1 39.5 37.6 44.2 
MP 36.9 32.5 34.5 38.0 38.7 42.0 
Cody P 36.9 
F, 42.6 40.4 44.5 45.3 49.8 
MP 40.5 39.2 42.6 43.5 46.8 
Andrew P 40.9 
Fx 44.4 46.2 46.6 51.7 
MP 41.9 44.5 45.4 48.7 
Markton P 47.9 
F]_ 47.1 49.9 55.2 
MP 45.3 48.8 52.1 
Victory P 5°.2 
Fi 46.6 53.6 
MP 45,7 53.0 
Roxton P 56.3 
Fi 50.9 
MP 48.7 
aMean values for CP group. 
F^^  mean for individual cross above and MP below. 
Table 3. Mean panicle length of parents, F-^ 's and midparents of CP groups and individual crosses 
Variety 
or Palestine Andrew Cody Victory Markton Roxton 
Group 
Palestine P 13»7a 
% 20.3 19.lb 19.7 19.8 20.6 22.4 
MP 19.6 17.2 17.6 20.2 21.2 21.8 
Andrew P 20.8 
23.0 23.0 23.2 25.4 24.3 
MP 22.5 21.2 23.9 24.8 25.4 
Cody P 21.6 
f-l 25.6 27.7 27.7 30.1 
MP 22.8 24.3 25.2 25.8 
Victory P 26.9 
F, 25.9 28.3 30.4 -cn 7 <-u  j ju.-t-
MP 24.9 27.8 28.5 
Markton P 28.7 
Fx 26.6 30.9 
MP 25.7 29.4 
Roxton P 30«0 
Fx 27.6 
MP 26.2 
aMean values for CP group. 
F^]_ mean for individual cross above and MP below. 
Table 4. Mean heading date of parents, F^ 's and midparents of CP groups and individual crosses 
Variety 
or Palestine Andrew Markton Cody Roxton Victory 
Group 
Palestine P 31-7a 
]?! 31.7 29.8° 30.4 33.4 32.0 32.8 
MP 36.5 32.6 35-5 37.1 38.2 39.0 
Andrew P 33*5 
1*1 35.1 34.9 36.3 35.6 39.0 
HP 37.2 36.4 38.0 39.I 39.9 
Markton P 39» 4 
F]_ 37.9 40.9 40.5 42.6 
MP 39-5 40.9 42.0 42.8 
Cody P 42.5 
39.8 43.5 44.7 
MP 40.8 43.6 44.4 
Roxton P 44.7 
F-l 39.I 44.1 
MP 41.7 45.5 
Victory P 46.3 
Fx 40.6 
MP 42.3 
®Mean values for CP group. 
mean for inc.ividual cross above and MP below. 
Table 5« Mean number of spikelets per panicle of parents, Fj's and midparents of CP groups and 
individual crosses 
Variety 
or Palestine Cody Markton Andrew Victory Roxton 
Group 
Palestine P l4.9a 
Fi 32.6 31.4% 28.9 32.6 34.3 36.0 
MP 39.1 29.7 32.1 33.6 49.0 51.0 
Cody P 44.6 
Fi 59.8 52.2 52.9 84.0 78.5 
MP 51.0 47.0 48.5 63.9 65.8 
Markton P 49.3 
51.6 49.6 64.1 63.4 
MP 52.8 50.8 66.2 68.2 
Andrew P 52.3 
*1 51.7 59.4 63.9 
MP 54.1 67.7 69.7 
Victory P 83.1 
F, 66-6 91.4 •=1 uu.. u y x . - r
MP 66.4 85.I 
Roxton P 87.I 
Ft 66.6 
MP 68.0 
aMean values for CP group. 
mean for individual cross above and MP below. 
Table 6. Mean number of panicles per plant of parents, F^ 's, and midparents of CP groups and 
individual crosses 
Variety 
or Andrew Palestine Victory Roxton Cody Markton 
Group 
Andrew P 18.3a 
23.0 22.9^ 20.3 22.3 23.1 26.6 
MP 19.1 18.4 18.7 18.8 19.1 20.6 
Palestine P 18.5 
24.3 20.7 24.8 24.6 28.5 
MP 19.2 18.8 18.9 19.2 20.7 
Victory P 19.0 
20.7 20.5 21.7 20.5 
MP 19.4 19.2 19.5 20.9 
Roxton P 19«3 
22.3 23.6 20.1 
MP 19.5 19.6 21.1 
Cody P 19.9 
F^ 23.2 23.0 
MP 19.8 21.4 
Markton P 22.8 
f-l 23.7 
MP 20.9 
aMean values for CP group. 
F^q_ mean for individual cross above and MP below. 
per plant, in the C x B cross. The data indicate there was moderate to 
considerable positive heterosis in the F-^'s for every attribute except 
heading date and number of spikelets per panicle. For the latter attri­
bute only the Cody CP group showed positive heterosis. If earliness of 
maturity is deemed desirable or if considered in terms of rate of develop­
ment, date of heading also showed positive heterosis. 
Genotypic and environmental correlations and regressions among 
grain yield with number of spikelets per panicle and panicles per plant, 
panicle length with number of spikelets per panicle and plant height 
using all F^ and parent populations are presented in Table 8. Of especial 
interest were the contrasting genotypic and environmental correlations 
so often found between quantitative traits. For example, the genotypic 
correlation for yield and panicles per plant was only 0.15 while the en­
vironmental correlation was 0.59» and for panicles per plant and spikelets 
per panicle the genotypic and environmental correlations were -0.33 and 
0.28, respectively. Correlations of this magnitude would probably not 
cause serious difficulty in a breeding program for basically these cases 
indicated that the genetic potential for panicle production had little 
relationship to grain yield, and that the physiology of the oat plant was 
such that panicles per plant and spikelets per panicle were competitive. 
However, any environmental effect which contributed to the increased 
vigor of the plant affected each of these attributes in the same way. 
The c.p.r. coefficient, the second order regression coefficient (bg) 
and the estimated degree of dominance are given in Tables 9 and 10 for 
the six attributes. The negative bg values for plant height, number of 
panicles per plant and grain yield indicate positive dominance. The 
Table 7. Mean yields of parents, F^ 's and midparents of CP groups and individual crosses 
Variety 
or Palestine Andrew Cody Victory Roxton Markton 
Group 
Palestine P 18.la 
Fi 45.9 36.9b 41.3 45.1 53.7 52.3 
MP 29.4 24.2 27.5 29.4 33.O 33.O 
Andrew P 30-2 
F-, 46.9 47.9 44.6 53.4 51.6 
2 33.5 35.4 39.0 39.1 mÏ 34. 
Cody P 36.8 
F]_ 48.2 41.0 61.5 49.3 
MP 36.9 38.7 42.3 42.4 
Victory P 40.6 
Fi 45.4 47.8 48.4 
MP 38.4 44.2 44.3 
Roxton P 47.8 
Fx 54.7 57.0 
MP 41.3 47.9 
Markton P 48.0 
51.7 
MP 41.3 
aMean values for CP group. 
F^]_ mean for individual cross above and MP below. 
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Table 8. Genotypic and environmental correlations and regressions 
between various attributes measured in parents and P-^'s of 
oat crosses 
Attributes 
correlated 
Genotypic Environmental 
Yield and 
Panicles per plant 
Spikelets per panicle 
Panicles, per plant and 
Spikelets per panicle 
Panicle length and 
Plant height 
Spikelets per panicle 
0.15 2.04 0.59 1.52 
0.46 0.21 O.33 0.53 
-O.33 -2.64 0.28 0.45 
0.94 O.59 -0.08 -0.05 
0.85 3.71 -0 .09 -0 .37 
c.p.r. coefficients for height for all OP groups were near 0.5, which was 
their theoretical value in the absence of dominance, and was reflected in 
the low dominance estimates for the latter attribute. Dominance for grain 
yield was nearly complete as indicated by the c.p.r. coefficients for the 
extreme CP groups. The large negative bg coupled with the wide range of 
c.p.r. values for panicles per plant indicated overdominance. 
The positive trends of the c.p.r.'s for heading date, panicle length 
and number of spikelets per panicle suggested negative dominance for these 
attributes. That most of the genes were acting in the same direction for 
heading date was indicated by the regular c.p.r. trend, in contrast to the 
irregular trends for panicle length and spikelet number. For the latter 
attributes Cody apparently contributed some genes with dominance acting in 
the opposite direction to those in the other varieties as shown by the 
Table 9» C.p.r. coefficients, 
based on the c.p.r. 
, bg and dominance 
method 
estimates for heading date, height and panicle length 
Heading date Plant height Panicle length 
CP Group c.p.r. CP CP Group c.p.r. CP CP Group c.p.r. CP 
Palestine .251 31.7 Palestine .512 
in. 
27.7 Palestine .250 
cm. 
13.6 
Andrew 
.557 33.5 Cody .584 36.9 Andrew .336 20.8 
Markton .736 39.4 Andrew .502 40.9 Cody .603 21.6 
Cody .749 42.5 Markton .514 47.9 Victory .628 26.9 
Roxton .832 44.7 Victory .540 50.2 Markton .592 28.7 
Victory .764 46.3 Roxton .482 56.3 Roxton -589 30.0 
b2 = .0318 b2 = --.0012 b2 = .0222 
h = 
-.464 h - .034 h = -.364 
Table 10. C.p.r. coefficients, bg and dominance estimates for number of spikelets per panicle, 
panicles per plant and grain yield based on the c.p.r. method 
Spikelets per panicle 
CP Group c.p.r. CP CP Group 
Panicles per plant 
c.p.r. CP CP Group 
Grain yield 
c.p.r. CP 
Palestine 
Cody 
Markton 
Andrew 
Victory 
Roxton 
.116 
.654 
.466 
.386 
.789 
.777 
b£ = 
h = 
14.9 
44.6 
49.3 
52.3 
83.l 
87.1 
.0087 
-.63 
Andrew 
Palestine 
Victory 
Roxton 
Cody 
Markton 
.794 
1.503 
.017 
- .675 
- .197 
-4.428 
%2 = 
h = 
18.3 
18.5 
19.0 
19. 4  
19.9 
22.8 
-i.223 
5.50 
Palestine 
Andrew 
Cody 
Victory 
Roxton 
Markton 
.956 
.506 
.465 
.117 
.053 
.070 
b2 = 
h -
grams 
18.1 
30.2 
36.8 
40.6 
47.8 
48.0 
-.0315 
.94 
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means of its hybrids. 
Dominance estimates calculated "by the potence ratio method (hp) were 
very high for panicles per plant and grain yield (Tables 11 and 12). In 
fact they may he interpreted as overdominance. A negative value was ob­
tained for heading date which agreed with the estimate by the c.p.r. 
method that earliness was dominant. Potence estimates for height, pani­
cle length and number of spikelets averaged 0.22, 0.53 and 0.23, respec­
tively, indicating partial positive dominance for each character. 
All the estimates of degree of dominance obtained by the components 
of variance method were positive values (Table 13) since estimates ob­
tained by this method do not show the direction of dominance, but only its 
magnitude. The dominance estimate for number of panicles per plant was 
3.70 which was in agreement with the observed phenotypic effects. The 
estimate of 0.37 dominance for yield was low in comparison to the hetero-
tic effects shown in the high F^  yields. 
A summary of the average dominance estimates obtained in the F^  
generation is given in Table 14. 
A comparison of the three methods of estimating dominance relation­
ships for each of the attributes measured in the oat crosses gives infor­
mation both on the analytical methods used and on selection procedures 
that would be most efficient in an oat breeding program. The methods 
generally tend to agree on the importance of dominance effects in the 
expression of the various attributes but not so consistently in regard 
to direction. Overdominance is shown for panicles per plant- by all 
three methods while grain yield showed the greatest range in estimates 
from partial to overdominance. Plant height did not show a startling 
Table 11. Potence ratio estimates for plant height, panicle length and heading date based on extreme 
CP groups 
Plant height Panicle length Heading date 
Palestine6 Roxton^  Palestine8 Roxton13 Palestine8, Victory*3 
VP *p VP hp VP hp VP S VP hp VP hp 
A .483 P .188 A .459 P .060 A -.783 P -.610 
C .082 A .225 C -.650 A —. 260 M -.630 A -.209 
M .126 C .295 V -.091 C 1.100 C -.299 M -.081 
V -.065 M .590 M -.122 V 1.150 R -.592 C 0.000 
R .188 V .034 R .060 M 3.600 V -.610 R 
-.545 
Ave. .162 .266 -.092 1.130 -.582 -.289 
Ave. h c 
P 
.214 .519 -.435 
aLow extreme CP group. 
H^igh extreme CP group. 
cAverage of both CP groups. 
Table 12. Potence ratio estimates for spikelots per panicle, panicles per plant and. grain yield 
based on extreme CP groups 
Spikelets per panicl e Panicles per plant Grain yield 
/Palestine8, Roxton^  Andrew8, Markton13 Palestine8, Roxton13 
VP VP bp VP bp VP bp VP bp VP bp 
A .011 P -.405 p 14.00 A 1.56 A 2.000 P .957 
C .054 A .075 V 31.00 P 2.81 C 1.638 A 1.410 
M -.240 C 
co vr
\ 
R 6.4-0 V .45 M 1.196 C 3.377 
V — 387 M -.267 C 23.50 R .42 V .757 M 9.364 
R 
1 ! .
* 
.
 
£
 
Ux
 
L 
V 3.269 M 1.56 C .79 R • 957 V 6.330 
Ave. 
-.193 .651 15.29 1.21 1.31 4.287 
Ave. bp* .229 8.400 2.798 
aLow extreme CP group. 
H^igh extreme CP group. 
cAverage of both CP groups. 
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Table 13. Dominance estimates (h) and variance components for heading 
date, panicle length, plant height, spikelets per panicle, 
panicles per plant and grain yield based on the components 
of variance method. 
CP 
Group* <fg 
2 
<fh 
r 
x/ 
g 
Average 
h 
Palestine 
Victory 
Palestine 
Roxton 
Palestine 
Roxton 
Palestine 
Roxton 
Palestine 
Markton 
Palestine 
Roxton 
Heading Date 
25.56 2.386 .305 
34.86 8.077** .480 
Panicle length 
17.27 1.432* .288 
35-20 3.581* .319 
Plant Height 
55.16 1.528** .166 
77.99 1.094 .118 
Spikelets -per Panicle 
404.23 78.827** .442 
586.03 100.692** .413 
Panicles per Plant 
2.70 2.296 .898 
.28 10.975** 6.500 
Grain Yield 
56.05 2.703 .219 
126.47 35.270 .527 
.392 
.304 
.142 
.428 
3.700 
.373 
aVariety listed first represents low extreme CP group and the 
second represents high extreme OP group for each attribute. 
*Sig. at 5/& level. 
**Sig. at 1$ level. 
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Table 14. Average dominance estimates obtained by three methods for six 
quantitative attributes in oats 
Attribute c.p.r. 
Components 
of variance9. 
Potence 
ratio 
Height .03 0.14 .22 
Panicle length 
-.36 0.30 .53 
Heading date -.46 0.39 -.44 
Spikelets per panicle -.63 0.43 .23 
Panicles per plant 5.50 3.70 8.40 
Grain yield .94 0.37 2.80 
aDirecticn of dominance is not provided by this method. 
degree of dominance but all three estimates were positive. For panicle 
length the degree of dominance was likewise relatively low but the esti­
mates were not in agreement on direction. Heading date and number of 
spikelets per panicle both showed, negative dominance by the c.p.r. method 
but a small positive estimate was obtained by the potence method. 
Fg Generation 
Plant height, panicle length and heading date means for the 15 F^  
populations, their respective midparents and the six parent oat varieties 
are given in Table 15 while similar data for number of spikelets per 
panicle, panicles per plant and grain yield are presented in Table 16. 
There was agreement between the midparent and Fg means of the individual 
crosses for each of the attributes with the possible exception of the 
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Table 15. Mean plant height, panicle length and heading date of the F g 
populations, parents and midparents 
Parent 
or Height Panicle length Heading date 
Cross ?2 MP or P F2 MP or P ?2 MP or : 
P x A 34.7 34.5 16.1 16.1 23.7 24.8 
P x C 33.3 34.3 17.2 17.5 27.5 29.5 
P x M 36.8 37.8 18.9 19.9 26.1 27.5 
P x V 38.7 40.9 16.6 18.6 27.4 31.7 
P x R 37.7 42.6 18.7 20.6 27.2 30.7 
A x 0 37.7 36,4 20.7 20.3 31.3 31.9 
A x M 40.9 41.8 21.2 22.7 28.6 29.8 
A x V 43.7 44.9 21.5 21.4 32.2 34.1 
A x E 46.0 46.6 22.4 23.4 30.8 33.1 
C x M 42.8 41.7 23.8 24.1 34.2 34.6 
C x V 46.1 44.8 23.7 22.8 38.8 38.8 
C x E 46.1 46.5 25.6 24.8 37.0 37.8 
M x V 49.4 48.2 24.1 25.2 36.8 36.8 
M x H 54.7 49.9 28.1 27.2 34.4 35.8 
V x E 51.8 53.0 26.3 25.9 39.1 40.0 
Average 42.7 43.0 21.7 22.0 31.7 33.1 
Palestine 30.4 13.3 22.4 
Andrew 38.5 18.9 27.1 
Cody 38.2 21.7 36.6 
Markton 45.1 2 6.5 32.5 
Victory 51.3 23.9 41.0 
Roxton 54.7 27.8 39.0 
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Table 16. Mean number of spikelets per panicle, panicles per plant and 
grain yield, of the populations, parents and midparents 
Parent 
or Spikelets per panicle Panicles per plant Grain yield 
Cross ?2 MP or P *2 MP or P *2 MP or ! 
P x A 27.1 28.8 10.5 10.3 17.2 14.4 
P x C 30.1 35.1 12.0 10.0 18.6 15.9 
P x M 27.6 29.7 12.5 10.2 21.0 16.0 
P x V 30.7 50.1 7.6 9.3 15.3 17.3 
P x R 34.1 47.6 9.9 8.9 16.7 17.1 
A x C 51.9 49.3 9.0 8.8 19.4 17.0 
A x M 43.1 43.8 9.5 - 9.0 18.2 17.1 
A x 7 61.0 64.3 8.4 8.0 21.2 18.4 
A x R 56.1 61.8 6.6 7.6 18.0 18.2 
C x M 49.4 50.2 9.7 8.7 22.4 18.6 
0 x 7  77.9 70.6 7.4 7.8 20.1 19,9 
C x R 73.0 68.1 7.0 7.4 21.3 19.7 
M x 7 60.9 65.2 7.4 8.0 19.1 20.0 
M x R 58.1 62.7 7.8 7.6 23.6 19.8 
V x R 87.8 83.i 6.5 6.6 21.7 21.1 
Average 51.3 54.0 8.8 8.5 19.6 18.0 
Palestine 14.6 11.5 13.3 
Andrew 42.9 9.0 15.5 
Cody 55.6 8.5 i8.5 
Markton 44.7 8.9 18.7 
Victory 85.6 7.0 21.3 
Roxton 80.6 6.2 20.8 
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heading date where, in most crosses, the MP mean exceeded the F2 mean. 
In the other attributes there were differences between the F^  and MP 
means also but they were in both plus and minus directions. For example, 
in the P x E cross the MT exceeded the F^  mean by 4.9 inches while in 
the M x R cross the Fp exceeded the MP mean by 4.8 inches in height. 
The mean number of spikelets per panicle of individual crosses ranged 
from 27.1 for the P x A cross to 87.8 for the V x E cross. The extreme 
MP means were 28.8 and 83.1 for the same crosses, while the parents 
ranged from 14.6 to 85.6 for Palestine and Victory, respectively. 
One can obtain an idea of the relative prepotence of each of the 
parent oat varieties from Table 17 which gives the attribute means of the 
MP, VP and CP for each CP group. Palestine showed considerable negative 
dominance in its crosses for number of spikelets per panicle. The MP 
mean for the Palestine group was 38.3 spikelets per panicle while the F^  
mean was only 29.9. In general, Victory and Eoxton, which might be con­
sidered the more vigorous varieties of the group in terms of plant size, 
did not show a high degree of prepotence. Yield was unusual among the 
attributes in that the F^  mean was higher than the MP value in every CP 
group. 
Genotypic and phenotypic correlations between all combinations of 
the six characters measured in the F^  are presented in Table 18. In 
general the genotypic correlations were higher than the phenotypic ones 
although there were some exceptions. The closest genotypic associations 
among attributes were found between height and panicle length, height 
and spikelets per panicle, height and yield, spikelets per panicle and 
heading date, and panicles per plant and yield. Low negative correlations 
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Table 1?. Mean plant height, panicle length, heading date, spikelets per 
panicle, panicles per plant, and grain yield of F populations, 
parents and midparents by CP groups 
CP Popu- Plant Panicle Heading 
Group lation height length date 
Spikelets 
per 
panicle 
Panicles 
per Grain 
plant yield 
Palestine F2 36.2 17.5 26.4 29.9 10.5 17.8 
MP 38.0 i8.5 28.8 38.3 9.7 16.1 
VP 45.6 23.8 35.2 61.8 7.9 19.0 
CP 30.4 13.3 22.4 14.6 11.5 13.3 
Andrew ?2 40.6 20.4 29.3 47.8 8.8 18.8 
MP 41.2 20.8 30.7 49.6 8.7 17.0 
VP 43.9 22.6 34.3 56.2 8.4 18.5 
CP 33.5 18.9 27.1 42.9 9.0 15.5 
Cody ?2 41.2 22.2 33.8 56.5 9.0 20.4 
MP 41.1 21.9 34.5 54.7 8.5 18.2 
VP 44.0 22.1 32.4 53.7 8.5 17.9 
CP 38.2 21.7 36.6 55.6 8.5 18.5 
Markton *2 44.9 23.2 32.0 47.8 9.4 20.9 
MP 43.9 23.8 32.9 50.3 8.7 18.3 
VP 42.6 21.1 33.2 55.9 8.4 17.9 
CP 45.1 26.5 32.5 44.7 8.9 18.7 
Victory ?2 45.9 22.4 34.9 63.7 7.5 19.5 
MP 46.4 22.8 36.3 66.7 7.9 19.3 
VP 41.4 21.6 31.5 47.7 8.8 17.4 
CP 51.3 23.9 41.0 85.6 7.0 21.3 
Roxton 1*2 47.3 24.2 33.7 61.8 7.6 20.3 
MP 47.7 24.4 35.5 64.7 7.6 19.2 
VP 40.7 20.9 31.9 48.7 9.0 17.5 
CP 54.7 27.8 39.0 80.6 6 .2  20.8 
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Table 18. Genotypic. and phenotypic correlations of all combinations of 6 
traits in 15 oat crossesa 
Big. rD H and H and H and H and 
Cross N (£=.05) PL HD S/P P/P 
P x A 181 .847° .236 .590 .193 
.146 .431 .249 .480 .114 
P x C 142 .907 .537 .752 -.025 
.164 
.759 .502 .677 -.013 
P x M 161 .822 .508 . 660 • 371 
.155 .588 .443 .543 .193 
P x T 137 .911 .831 .658 .517 
.167 .724 .822 .625 .377 
P x R 155 .623 .506 .645 .115 
• 157 .612 .360 .593 .000 
A x C 160 .677 .598 .761 .023 
.155 .548 .56 7 .620 .127 
A x M 162 .545 .458 .492 .280 
.155 .447 .432 .439 .240 
A x V 156 — d  .448 .891 .086 
.157 • 551 *436 .595 .083 
A x R 168 .233 1.000 .687 .441 
.152 .278 .482 .595 .282 
C x M 129 .789 .371 .712 .075 
.172 .594 .323 .635 .123 
C x V 109 .619 .276 .656 -.02 9 
.188 .315 .280 .528 .032 
C x R 144 .420 1.000 .047 .127 
.163 .334 .151 .106 .152 
M x V 167 .883 .129 • 392 -.085 
.151 .462 .156 .376 .007 
M x R 70 .349 -.234 .171 .523 
.232 .2 95 -.061 .212 .372 
V x R 173 .593 d -.122 
Q. 
,150 •225 .013 .005 .183 
®The symbols denote the following: 
H - height 
PL - panicle length 
ED - heading date 
S/P - spikelets per panicle 
P/P - panicles per plant 
GY - grain yield 
% Applies to phénotypic r only. Ho test available for genotypic r. 
cUpper value is genotypic r with phenotypic r below. 
I^mprobable values omitted. 
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Table 18. (Continued) 
H and PL and PL and PL and PL and S/P and 
Cross GY S/P HD P/P GY HD 
P x A .552 .650 .298 .056 .551 .554 
.485 .523 .263 .045 .437 .493 
P x C .788 1.153 .645 -.067 .720 .520 
.692 .705 .595 -.016 .635 .496 
P x M .802 .146 .311 .301 .509 .503 
.649 .145 .239 .197 .501 .450 
P x V .568 .778 .811 .333 .620 -.180 
.511 .718 .786 .235 .4 96 -.163 
P x R .484 .710 .439 -.035 .461 .575 
.382 .586 .389 .023 .398 .5 89 
A x C . 636 .760 .424 -.147 .662 .801 
.613 • 597 .388 -.029 .457 .682 
A x M • 751 .988 .496 .650 .569 .767 
.624 .541 .370 .221 .506 .572 
A x V .478 .931 -.165 .234 .806 . 665 
.410 
.593 —. 058 .033 .338 .554 
A x R .835 .950 .374 .484 .691 .550 
.543 .579 .288 .211 .432 .488 
C x M 
.557 .781 .299 —. 002 .422 .492 
.524 . 606 .20 5 .055 .423 .404 
0 x 7  .471 .634 .632 -1.000 .462 .224 
.396 .497 .2 57 — i 021 .221 .207 
C x R .863 .522 -.073 .186 .447 .108 
.473 .349 —. 036 .158 .319 .202 
M x V .522 .153 .083 .549 .494 .335 
.384 .178 .034 .156 .359 .314 
M x R .763 —d  -.092 -.036 .204 .152 
.529 • 351 -.097 .026 .276 .227 
7 x R .896 .585 .009 .311 .470 .206 
.328 .367 .007 .138 .249 .282 
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Table 18. (Continued) 
S/P and S/P and HD and HD and P/P and 
Cross P/P GY P/P GY GY 
P x A -.077 .499 -.363 .202 .490 
-.029 .470 
-.237a .162 . 608 
P x C -.361 .801 »— .359 .358 
.014 .658 — • 189 .339 .440 
P x M .046 .452 -.147 .251 .553 
.106 
.435 .112 .205 .634 
P x 7 .026 .607 .299 .501 .186 
.050 . 564 .278 «466 .559 
P x E .211 .568 -.101 .193 .457 
.099 .512 -.023 .187 • 572 
A x C • 159 .676 -.026 .488 .430 
.099 .597 -.030 .418 .601 
A x M .371 .822 .041 .136 .303 
.198 .604 .042 .086 .653 
A x 7 .195 .574 -.08 7 .212 .990 
.107 .485 —. 056 .182 .750 
A x R .532 .687 -.110 .134 .980 
.182 .469 -.013 .134 .812 
C x M .045 .620 -.508 1.030 .717 
.124 .580 -.404 -.083 .721 
C x 7 .089 .395 -.388 -.516 I.O96 
.123 .406 -.224 -.389 .785 
C x B -.028 • 379 -.097 -.076 .920 
-.044 .308 —. 269 -.145 .729 
M x 7 .009 .444 -.394 -.058 1.146 
.079 .414 -.270 -.047 .798 
M x E .436 • 579 -.173 -.107 .903 
.234 .442 -.226 — .100 • 8 55 
7 x E .234 .682 .000 -.044 I.O65 
.063 .411 -.118 .038 .760 
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were obtained "between heading date and panicles per plant. Several 
genotypic correlations greater than / 1.0 were obtained which illus­
trated a shortcoming of this method of calculation. If parental vari­
ances or covariances were over or underestimated, unrealistic genotypic 
correlations were obtained. It seems that a plant breeder could use 
height as a selection criterion in the F g generation to obtain genetic 
advances in panicle length, spikelets per panicle and yield. 
Heritability percentages calculated in the broad sense for each of 
the attributes in the Fg are presented in Table 1$. Three trends are 
noteworthy about these values. First, the mean heritability percentages 
are rather high for all attributes except for panicles per plant. The 
heritability value of 53$ for yield was larger than Jones (34) estimate 
of 41^  for oats but in agreement with results of Fiuzat and Atkins (12) 
for barley. Other investigators (48,21) have obtained considerably lower 
estimates. Since considerable heterosis was found in the Fg for yield 
it is probable that a substantial portion of the variability was of a 
nonadditive genetic type. Secondly, heading date and spikelets per 
panicle were the attributes with the greatest mean heritability percen­
tage. Frey and Horner (16) and others (34,14,4$) reported similar high 
values for heading date. Thirdly, the heritability percentages for the 
Palestine CP group were higher than for comparable attributes in the 
other groups. This most likely resulted from the fact that Palestine 
was divergent from the other varieties in every attribute studied which 
led to greater ranges in its Fg hybrids. As pointed out by Frey and 
Horner (15) a large portion of the increased variability in such situa­
tions contributed to the magnitude of the heritability percentage. 
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Table 19. Heritability percentages (broad sense) for six agronomic 
attributes of six CP groups of oats in the Fg generation 
Spikelets Panicles 
CP Plant Panicle Heading per per Grain 
Group height length date panicle plant yield 
Palestine 77 72 93 89 42 71 
Andrew 55 4 5 89 69 26 43 
Cody 65 56 83 75 30 56 
Markton 66 46 88 69 40 .53 
Victory 47 49 87 74 27 43 
Roxton 57 55 82 67 - 30 51 
Average 61 54 87 74 33 53 
Estimates of degree and direction of dominance were calculated di­
rectly from Fg and parental means by the c.p.r. method. Dominance esti­
mates for height, heading date, panicle length and number of spikelets 
per panicle were in agreement with those obtained in the F^  generation 
averaging .22, -.40, -.40 and -.68, respectively. In contrast, the 
dominance estimate for yield in the Fg was .05 while that for panicles 
per plant was -.51 as compared to the complete and overdominance esti­
mates, respectively, obtained in the F^  with this method. Inspection of 
the data indicated a reversal of the panicle producing capacity for some 
of the 1*2 crosses and also for certain varieties as compared to the Fj 
and parents grown in the 1955 season. The differential response may 
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"be due to climatic aspects of the environment or perhaps to the closer 
spacing of the 3^ . 
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DISCUSSION 
The relationship between the F^  and midparent means for yield was 
in general agreement with published data. Several investigators (7,30, 
46,43,40,33) reported substantial increases in yield in the Fj generation 
and in this experiment the yield of the F^  was in excess of the high-
yielding parent in most of the crosses. The yield increases over the 
midparent were especially high in the crosses involving Palestine. 
Several of the crosses between varieties which were similar in yield 
gave substantial increases over the higher parent which probably indi­
cated that even though the varieties were phenotypically alike they were 
genotypically different. It is generally accepted that closely related 
varieties show little heterosis when crossed, and in this experiment the 
F^  progeny of the related varieties, Cody and Victory, exhibited the 
least heterosis of any of the 15 crosses. 
The dominance estimates for yield by the c.p.r. and components of 
variance methods were less than /l.O whereas the potence method showed 
overdominance (2.80). Perhaps none of these values was realistic since 
observation of the data suggested overdominance but not as high as the 
potence method showed. This latter method is the ratio of the two dif­
ferences between the MP and F^  and the high parent so in crosses where 
the parental and F^  means were nearly equal, relatively small differences 
could result in a magnification of the potence estimate. 
Dominance estimates of quantitative attributes give only an average 
effect of the genes involved in expression. Complex characters such as 
yield are composed of several less complex attributes which may combine 
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in such, a way as to increase, maintain, or decrease the potential yield. 
Although a gene may condition a plant to produce a larger number of 
spikelets per panicle, its yield may be mediocre unless it also is capable 
of producing a substantial number of panicles. 
All three methods of obtaining degree of dominance for panicles per 
plant indicated overdominance, whereas in the only partial dominance 
was observed. No estimates of dominance for this attribute in oats 
have been published but Coffman and Wiebe (?) noted that the number of 
panicles was often decreased in the F^ . On the other hand, Jones (33) > 
Rosenquist (4l) and Immer (30) reported heterosis in the F^  generation 
for number of culms per plant for rice, wheat and barley, respectively. 
Whether the response was due to nonadditive genetic effects or to en­
vironmental interaction was open to question. In oats where it is diffi­
cult to obtain large quantities of F^  seed, the hybrids are usually grown 
with parental varieties for border. If the hybrid has an initial advan­
tage, it may be magnified as growth progresses. This may have been the 
case with panicles per plant and would probably be reflected in yield 
also since these two attributes were correlated. 
Number of spikelets per panicle is an important component of yield in 
that it is related to the number of seeds produced by the plant. In this 
experiment there was definite negative dominance indicated for all CP 
groups except Cody, which apparently had some genes expressing dominance 
for a greater number of spikelets. The lack of agreement in direction of 
dominance between the c.p.r. and potence methods may be attributed to the 
unreliability of the latter method when dominance of all genes concerned 
in the expression of a trait is not in the same direction. 
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In a breeding program for increased yield the question of how much 
emphasis should he placed on panicle production and at what stage selec­
tion would he most effective is of great importance. Due to the instab­
ility of the trait, it appears advisable to select for maximum production 
in other yield components, seed size and number of spikelets per panicle, 
prior to selection for a high number of panicles per plant. Since heri­
tability of spikelet number was relatively high in this experiment and 
seed weight has been reported to be highly heritable by Jones (34) and 
other investigators (48,49), the initial selection should be directed 
toward increasing these traits, with selection for number of panicles 
per plant being postponed until later. There are two advantages to this 
approach: (a) according to Frey (14) and Jones (34) heritability of a 
trait approaches its maximum in successive generations following hybri­
dization and (b) selection could be made on the basis of counts made 
from normal plantings to avoid difficulties encountered under certain 
environmental conditions with spaced plants. The negative genotypic 
correlation between spikelets per panicle and panicles per plant, al­
though relatively small, may preclude the attainment of maximum values 
for both traits. 
The high genotypic correlation between panicle length and plant 
height was expected since the former is a component of the latter. Logi­
cally similar estimates of degree and direction of dominance would be 
predicted for the traits. Actually there was slight positive dominance 
for height, while moderate negative dominance was indicated for panicle 
length. It appeared that some of the genes affecting panicle length 
were acting independently and in an opposite direction to the ones 
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determining plant height. The relatively high genotypic correlation be­
tween plant height and spikelets per panicle indicate that it may be 
difficult to obtain a short oat variety capable of producing a large 
number of spikelets per panicle. An alternative approach to attain a 
high yielding short variety would be to select for a high number of 
panicles per plant. The low heritability coupled with the seasonal 
variation in this latter trait would preclude rapid genetic advance. 
Heritability percentages provide the plant breeder with an estimate 
of the probable effectiveness of selection for a desired character, but 
genetic advance is not guaranteed by selection. This depends on the 
genetic variability in the breeding material which can be provided by 
hybridization and maximized by the proper choice of parents. As pointed 
out by Frey and Horner (16) hybrids of divergent lines usually show a 
high degree of variability which is reflected in a high heritability 
estimate. One would expect the greatest advance from selection in such 
crosses as P x R, however, the scope of this experiment did not provide 
evidence on this problem. 
Most studies involving additive and nonadditive genetic variability 
in crop plants have dealt with diploid types. The effect of the hexa-
ploid nature of oats on the validity and accuracy of the dominance 
estimates is not known. Duplication of genes in different genomes 
plus the masking effect of multiple alleles may tend to underestimate 
the average degree of dominance which would be expected if the genes 
involved were acting independently and without interference. The 
amount of such bias was not estimated in this experiment but the possi­
bility of its influence on the results should not be ignored. Epistasis, 
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likewise, was not considered in the dominance estimates and its rela­
tive contribution to the nonadditive genetic variance is not known. 
Kempthorne (35) pointed out that studies of quantitative inheritance 
not taking epistasis into consideration may he of little value. Since 
dominance effects decrease rapidly in successive generations following 
hybridization, the relative importance of epistasis is expected to 
become greater in advanced generations. 
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CONCLUSIONS 
Three methods of estimating dominance were applied to data on 
plant height, panicle length, heading date, number of spikelets per 
panicle, number of panicles per plant and grain yield obtained from the 
15 diallel crosses of 6 oat varieties. Genotypic and environmental 
correlations were calculated for the F^  data while genotypic and pheno­
typic correlations were calculated, from Fg and parental variances and 
covariances. Heritability estimates in the broad sense were calculated 
for all crosses in the F^  generation. The following results were 
obtained! 
1. Dominance estimates by all three methods were in reasonably 
good agreement with each other and with observed effects. 
2. Overdominance was indicated for panicles per plant while esti­
mates for yield ranged from partial to overdominance. Partial 
dominance was indicated for short panicles and plant height. 
Earliness of heading was partially dominant in both the F^  
and F2 generations and few spikelets per panicle was partially 
dominant to many spikelets. 
3. Heritability percentages in the broad sense based on Fg data 
were 33» 53» 54, 6l, ?4 and 87 for panicles per plant, grain 
yield, panicle length, plant height, number of spikelets per 
panicle and heading date, respectively. 
4. Genotypic correlations between height, panicle length, number 
of spikelets and heading date in the F^  generation were high, 
whereas similar correlations between yield and the other 
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characters were low. 
5» Phenotypic and genotypic correlations based on the genera­
tion were of similar magnitude for the same pairs of traits. 
6. The relatively low heritability of yield and panicles per 
plant coupled with the high nonadditive genetic variance ob­
served in the indicate that selection for these attributes 
should be delayed until later generations while selection for 
plant height, panicle length, number of spikelets and heading 
date is feasible in early generations. 
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